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MPC-Parameter Tuning using Bayesian Optimization 
for an Inverted Double Pendulum

Model Predictive Controllers (MPCs) are powerful controllers able to handle
nonlinear and constrained systems. However, their practical performance depends
on several tunable weights. These weights are often adjusted manually in a time-
consuming trial-and-error process, which may yield suboptimal or brittle solutions.
Bayesian Optimization (BO) offers a data-efficient, black-box approach to automate
this tuning process by treating the closed-loop MPC performance as an expensive
objective function. In this project, it should be investigated how BO can be used for
systematic MPC parameter tuning for a nonlinear, inverted double pendulum on a
cart.

Over the course of this thesis, the following tasks should be accomplished :

• Conduct a literature review on MPC, Gaussian Processes (GPs), and BO

• Implement a nonlinear model of an inverted double pendulum system on a cart

• Design and implement a stabilizing nonlinear MPC that can swing up and stabilize 
the double pendulum

• Identify a meaningful subset of MPC design parameters to be tuned

• Implement a BO loop using GP surrogate models to tune the selected MPC 
parameters based on repeated closed-loop simulations

• Compare the resulting controllers (hand-tuned MPC, randomly tuned MPC, and 
BO-tuned MPC) in terms of performance, robustness, and number of closed-loop  
simulations required for tuning
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